Intestinal trichomonads are very common inhabitants of captive squirrel monkeys. In evaluating the potential pathogenicity of these organisms, we encountered hitherto unknown hemagglutinins in their culture fluids. The cytopathic effect associated with a number of the isolates resembled that caused by vacuolating viruses. We have ruled out conventional viruses as the cause of the cytopathic effect and as the source of the hemagglutinin. The agglutinin has some of the basic characteristics of lectins. Parallel experiments demonstrated agglutination of erythrocytes from squirrel monkeys, humans, dogs, cats, guinea pigs, and horses, with the first two types being the most sensitive. Relatively less agglutination was seen with rat erythrocytes. Agglutination of sheep, rabbit, chicken, and bovine erythrocytes was virtually absent.
In an earlier study, we reported a high incidence of intestinal trichomonads in captive squirrel monkeys (11) . The organisms were readily detected by direct microscopic examination of fecal suspensions, and, in most instances, dense populations of the protozoa were obtained by cocultivation with tissue cultures. In monolayers of cells, the proliferation of some isolates was accompanied by a cytopathic effect (CPE) which was seen as distinct vacuolization resembling that produced by certain vacuolating viruses. While subsequent efforts to demonstrate the presence of a viral agent were unsuccessful, a strongly reactive hemagglutinin was encountered in culture supernatants of many of the isolates. Similarly acting lectins or lectinlike products of other protozoa were previously described (3, 5, 7, 9) , but the association of such substances with trichomonads was not recognized. This paper presents data on the common occurrence with intestinal trichomonads of a hemagglutinin and describes some of its basic properties.
(Preliminary results of this investigation were presented previously [F. F. Pindak, W. A. Gardner, Jr., M. Mora de Pindak, and C. R. Abee, Abstr. 9th Int. Congr. Infect. Parasit. Dis., abstr. no. 1353, 1986] .) MATERIALS AND METHODS Cultivation of trichomonads for production of hemagglutinin. All strains of intestinal trichomonads studied were isolated in our laboratory from rectal swabs of squirrel monkeys (Saimiri sciureus and Saimiri boliviensis) maintained at the Primate Research Laboratory of the University of South Alabama. The animals were housed and maintained as described elsewhere (2) . A number of arbitrarily chosen samples were received from primate colonies maintained at two other locations. Initial recovery of the organisms was carried out in tissue culture (RK-13 or McCoy cells), as reported previously (11) . Supernatants from 3-to 4-day old cocultures with RK-13 cells were screened for hemagglutinin. Each supernatant was tested simultaneously against erythrocytes from a variety of species (Table 1) development of the characteristic CPE, and no hemagglutinin was detected during 14 days of incubation.
Isolate 234 and several other established strains of trichomonads were successfully grown in GMP medium only, i.e., in the absence of any tissue culture which might support replication of a virus. After 10 or more transfers (1:5 split ratio), the supernatants of such cultures contained the hemagglutinin at approximately the same titer as when the organisms were grown in tissue culture.
The results of these experiments made it unlikely that a viral agent was the cause of the CPE. The peculiar cell damage was attributed to mechanical or unidentified biochemical activity of the trichomonads. In turn, the production of the hemagglutinin was attributed to the protozoan population.
These hypotheses were tested on trichomonad cultures available from a previous study (11 (11) . It was subsequently identified as a new species, Tritrichomonas mobilensis (1), and became a prototype for that species (ATCC 50116). This isolate, as well as isolates 227 and 4600, which were apparently indistinguishable from isolate 776, produced the least amount of hemagglutinin (Table 1) .
CPE in RK-13 cells was known to have been associated with at least four isolates (234, 241, 776, and 4600). Two of them were among the highest producers of hemagglutinin, while the other two showed little activity.
The data in Table 1 were further examined for identification of erythrocyte species with the greatest sensitivity to the hemagglutinin. Average titer values for all isolates were calculated and plotted for each species of erythrocyte (Fig.  3) . Since the titer units of the individual isolates were reciprocals of the highest dilutions at which the hemagglutinin was detectable, their average values reflected the sensitivity of each erythrocyte species. The erythrocytes of squirrel monkeys and humans were comparable and were the most sensitive. Progressively less sensitive were the erythrocytes of dogs, cats, guinea pigs, and horses, although these erythrocytes detected the hemagglutinin at least in undiluted supernatants (except isolate 776). Of the 23 positive isolates, 2 were negative with rat erythrocytes, 11 The lectinlike product showed no strict specificity for any particular erythrocyte species and, therefore, could be classified as a panagglutinin. Notable exceptions were bovine erythrocytes. Although these cells were not agglutinated by any culture supernatant, they did interact with hemagglutinin concentrated by ultrafiltration through a membrane with a 100,000-molecular-weight cutoff (Amicon Corp., Danvers, Mass.). This interaction was shown in the following experiment. Equal volumes of concentrated hemagglutinin (with a known titer of 1:512) and of human bovine, rabbit, and sheep erythrocytes (109 cells per ml) were continuously stirred at room temperature on a rotary mixer for 1 h. The supernatants of these agglutinin mixtures were uniformly negative when assayed with human erythrocytes.
The above-mentioned ultrafiltration procedure indicated that the molecular weight of the agglutinin was at least 100,000, since an approximate 50-fold increase of activity was obtained in the retentate, while none was found in the effluent.
Lectin activity was recently described for Entamoeba histolytica (5, 6, 9) and Giardia lamblia (3, 7) . In an approach similar to that used by previous investigators, we examined carbohydrate interference in the agglutination reaction with our agglutinin. Carbohydrates (Sigma Chemical Co., St added in equal volumes to concentrated hemagglutinin diluted to contain 2, 4, or 8 U of agglutinin. After 1 h of incubation at room temperature, human erythrocytes were added. There was no inhibition of agglutination with any of the sugars. We were able, however, to block the agglutination with less than 1% raw egg white tested in parallel with the carbohydrates. The interfering substance present in the egg white was not identified.
Because the production and secretion of lectinlike substance was very common among intestinal trichomonads, we reexamined the few isolates which did not follow this pattern. Three isolates from rhesus monkeys had previously failed to agglutinate human erythroyctes. These isolates were identified as pentatrichomonads. An additional pentatrichomonad was recovered from a dog and cultured.
Supernatants from these organisms were tested again. We also tested supernatants from Pentatrichomonas hominis ATCC 30000 and from Trichomonas vaginalis Baltimore 42 and JH31A grown under the same conditions. None of these samples agglutinated human erythrocytes.
DISCUSSION
Identification of specific pathogenic mechanisms in trichomonal infections has received relatively little attention (15) . For example, it is not known why T. vaginalis causes clinical disease in some patients but appears innocuous in others. Even less is known about intestinal trichomonads in humans and in other animals.
It was suggested recently that the squirrel monkey may be a suitable host for investigations of T. vaginalis pathogenicity (14 cytes most sensitive for detection of the substance (human and squirrel monkey) as well as those unsuited for that purpose (sheep, rabbit, chicken, and bovine). The reactivity of the agglutinin with a wide range of erythrocytes and a number of other characteristics, to be presented elsewhere, indicated that the active substance is lectinlike. None of the limited number of carbohydrates tested in this study inhibited the agglutination reaction. This result does not, however, imply that a specific inhibitory carbohydrate will not be found in a more extensive search. Moreover, it has been suggested that there may be no known inhibitory carbohydrate for some lectins (13) .
The hemagglutinin described here appears to differ from recenty reported lectins of two other parasitic protozoa (E. histolytica and G. lamblia). In one instance (8), extract prepared from washed and sonicated cells of E. histolytica contained the cell contents of the organism, as opposed to mainly metabolic products as in the growth medium employed by us. The lectin so derived lacked stability, as evidenced by loss of activity at both 37 and 4°C. Our agglutinin withstood exposure to 56°C for at least 30 min, and no loss of activity was noted after routine storage at 40C for as long as 1 month (data not shown).
G. lamblia contains a surface-bound lectin demonstrated by mixed agglutination requiring the addition of intact trophozoites to susceptible erythrocytes (3). That lectin apparently differs from the one described here, since the authors found rabbit erythrocytes more sensitive than those of humans, horses, or guinea pigs. In our study, rabbit erythrocytes agglutinated very poorly (Fig. 3) . Another lectin, derived from sonicated G. lamblia trophozoites, was recently described (7) . The activity of this substance could be demonstrated only after a brief digestion by trypsin.
The intent of this report is to call attention to the fact that intestinal trichomonads of the squirrel monkey produce at least one easily demonstrated hemagglutinin. Since the organisms are so prevalent in this primate, their relevance to the host-parasite interaction warrants further investigation.
